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(57) ABSTRACT

A high-performance reverse-conduction field-stop (RCFS)
insulated gate bipolar transistor (IGBT) includes a first con-
ductive type substrate, a plurality of trenches defined on a
bottom face of the substrate, a plurality of first conductive
type doping regions formed on bottom face of the trenches, a
second conductive type doping region formed on bottom face
of the substrate, and a first conductive type field stop doping
region formed in the substrate and separated from the bottom
face of the substrate by a field stop depth, where the field stop
depth is larger than a depth of the trench. Due to a separation
between the first conductive type doping regions and the
second conductive type doping region, Zener diode can be
prevented from forming on bottom side of the substrate and
the performance of IGBT can be accordingly enhanced.

12 Claims, 8 Drawing Sheets
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1
HIGH-PERFORMANCE
REVERSE-CONDUCTION FIELD-STOP
(RCFS) INSULATED GATE BIPOLAR
TRANSISTOR AND METHOD FOR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an insulated gate bipolar
transistor and method for manufacturing the same, especially
to a high-performance insulated gate bipolar transistor and
method for manufacturing the same.

2. Description of Prior Art

Insulated gate bipolar transistor (IGBT) is a semiconductor
device combining the features of metal-oxide-semiconductor
field effect transistor (MOSFET) and bipolar junction tran-
sistor (BJT). IGBT has the advantages of gate-controlling
ability of MOSFET and low turn-on voltage of BJT and is
thus extensively used in high voltage and high power appli-
cations.

A conventional IGBT, such as a punch through (PT) IGBT,
mainly comprises a P+ type semiconductor substrate and
N-type buffer layer arranged thereon. An N type epitaxial
layer is formed on the N-type buffer layer and functions as
drain of parasitic MOSFET in the IGBT. Moreover, a gate and
an emitter are formed in the N type epitaxial layer, and a
collector is formed on bottom face of the P+ type substrate.
The breakdown voltage of the PT IGBT is determined by the
P+ type substrate and N-type buffer layer because a maxi-
mum electric field is generated therebetween.

Another conventional IGBT, such as a non-punch through
(NPT) IGBT, does not use N-type buffer layer. The break-
down voltage of the NPT IGBT is determined by the ava-
lanche mechanism of the N type epitaxial (N drift) layer. To
increase the breakdown voltage, field stop (FS) IGBT was
developed, where the N-type buffer layer in PT IGBT is
replaced by a field stop ion implantation layer. Therefore, the
abrupt junction in the PT IGBT is also replaced by a graded
(such as a linearly graded) N type profile. The value of the
maximum electric field can be advantageously reduced to
enhance breakdown voltage.

However, in above-mentioned three types of IGBTs, a fast
return epitaxial diode (FRED) is needed to parallel connect
with the IGBT to release turn-off current. Therefore, a
reverse-conducted diode is built-in above mentioned IGBTs
for soft switching. This kind of IGBT is referred to as reverse
conduction field stop (RCFS) IGBT. The conventional RCFS
IGBT is first formed with N+ type doped layer on backside of
substrate by using metal mask, then formed with P+ type
doped layer functioning as collector, and finally formed with
N+ type doped layer and P type doped layer by rapid thermal
annealing. Nevertheless, lateral Zener diode tends to form in
the RCFS because the N+ doped layer and the P type doped
layer are on the same horizontal plane of the backside of the
substrate.

SUMMARY OF THE INVENTION

Accordingly, one object of the present invention is to pro-
vide a high-performance insulated gate bipolar transistor
(IGBT) with suppression of parasitic Zener diode, and
method for manufacturing the IGBT.

According to one aspect of the present invention provides
a method for manufacturing a high-performance insulated
gate bipolar transistor (IGBT), comprising the following
steps: (a) providing a first conductive type substrate and

10

15

20

25

30

35

40

45

50

55

60

65

2

manufacturing a semi-finished semiconductor device on a
front side of the substrate; (b) covering a front side of the
semiconductor device with a protection layer; (¢) performing
an ion implantation process on back side of the first conduc-
tive type substrate to form a first conductive type field stop ion
implantation with a field stop depth from a back face of the
first conductive type substrate; (d) forming a plurality of
trenches on the back side of the first conductive type sub-
strate, each of the trenches having a trench depth smaller than
the field stop depth; (e) performing an ion implantation pro-
cess on back side of the first conductive type substrate to form
a first conductive type ion implantation pattern on bottom
faces of the trenches; and (f) performing an ion implantation
process on back side of the first conductive type substrate to
form a second conductive type ion implantation layer on back
face of the first conductive type substrate.

According to another aspect of the present invention pro-
vides a method for manufacturing a high-performance insu-
lated gate bipolar transistor (IGBT), comprising the follow-
ing steps: (a) providing a first conductive type substrate and
manufacturing a semi-finished semiconductor device on a
front side of the substrate; (b) covering a front side of the
semiconductor device with a protection layer; (¢) forming a
plurality of trenches on the back side of the first conductive
type substrate, each of the trenches having a trench depth; (d)
performing an ion implantation process on back side of the
first conductive type substrate to form a first conductive type
ion implantation pattern on bottom faces of the trenches; (e)
performing an ion implantation process on back side of the
first conductive type substrate to form a second conductive
type ion implantation layer on back face of the first conduc-
tive type substrate; and (f) performing an ion implantation
process on back side of the first conductive type substrate to
form a first conductive type field stop ion implantation with a
field stop depth from back face of the first conductive type
substrate, where the trench depth is smaller than the field stop
depth.

According to still another aspect of the present invention
provides a high-performance insulated gate bipolar transistor
(IGBT), comprising: a first conductive type substrate; a plu-
rality of trenches defined on a bottom face of the first con-
ductive type substrate; a plurality of first conductive type
doping regions formed on bottom faces of the trenches; a
second conductive type doping region formed on the bottom
face of'the first conductive type substrate; and a first conduc-
tive type field stop doping region formed in the first conduc-
tive type substrate and separated with the bottom face of the
first conductive type substrate with a field stop depth, where
the field stop depth is larger than a depth of the trench.

According the present invention, the high-performance
insulated gate bipolar transistor (IGBT) thus manufactured
has a plurality trenches and a first conductive type (either N
type or P type) doping regions on bottom faces of the
trenches. The subsequent conductive type doping will be
either P type or N type respectively. Therefore, the PN junc-
tion on backside of the substrate is irregular and Zener diode
can be prevented from forming to enhance the performance of
the IGBT.

BRIEF DESCRIPTION OF DRAWING

The features of the invention believed to be novel are set
forth with particularity in the appended claims. The invention
itself however may be best understood by referring to the
following detailed description of the invention, which
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describes certain exemplary embodiments of the invention,
taken in conjunction with the accompanying drawings in
which:

FIGS. 1A to 1L show the manufacturing process for the
high-performance insulated gate bipolar transistor (IGBT)
according to a first embodiment of the present invention.

FIGS. 2A to 2L show the manufacturing process for the
high-performance insulated gate bipolar transistor (IGBT)
according to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

FIGS. 1A to 1L show the manufacturing process for the
high-performance insulated gate bipolar transistor (IGBT)
according to a first embodiment of the present invention.

As shown in FIG. 1A, part of standard processes for manu-
facturing a MOSFET device are first performed on an N type
substrate 10 (namely, the front end devices 60 and contact
holes 62 shown in this figure are finished, and therefore the
MOSFET device is semi-finished), and then, as shown in FIG.
1B, a protection layer 20 (such as binding tape, protection
carrier or protection film) is used to cover the front portion of
the MOSFET device. More particularly, the MOSFET device
shown in FIG. 1A has been finished with the contact hole
thereof being etched to 90% and interlayer dielectric being
increased with 10% thickness such that the interlayer dielec-
tric can protect the front portion of the IGBT device in later
processes.

As shown in FIG. 1C, the N type substrate 10 is polished at
back side thereof, then stress release wet etching and cleaning
are performed for the N type substrate 10 to thin the N type
substrate 10 (namely, decrease the thickness of the N type
substrate 10). The remaining thickness of the N type substrate
10 is relevant to the demanded voltage tolerance for the high-
performance IGBT to be manufactured.

As shown in FIG. 1D, after the backside polishing, an ion
implantation process is performed to form an N type field stop
ion implantation layer 30 on the back side of the N type
substrate 10, where the N type field stop ion implantation
layer 30 is separated with the bottom face of the N type
substrate 10 by a field stop depth. As shown in FIG. 1E, a
photoresist pattern 42 is formed on the bottom face of the N
type substrate 10 and the photoresist pattern 42 is used as
mask to etch a plurality of trenches 40 on the back side of the
N type substrate 10. Namely, the backside portion of the N
type substrate 10, which is not covered by the photoresist
pattern 42, is etched to form the plurality of trenches 40.
Moreover, each of the trenches 40 has a trench depth and the
trench depth is larger than 1 micrometer.

As shown in FIG. 1F, the photoresist pattern 42 is used as
mask for ion implantation and another ion implantation pro-
cess is performed on the back side of the N type substrate 10
to form an N type ion implantation pattern 32. Because the
trenches 40 are present at this ion implantation process, the N
typeion implantation pattern 32 is formed on the bottom faces
of the trenches, which are not covered by the photoresist
pattern 42. Therefore, the N type ion implantation pattern 32
is separated with the bottom face of the N type substrate 10 by
the trench depth, where the field stop depth is larger than the
trench depth. In other word, the N type field stop ion implan-
tation layer 30 is deeper than the N type ion implantation
pattern 32 to provide field stop function.

As shown in FIGS. 1G and 1H, after removing the photo-
resist pattern 42, another ion implantation process is per-
formed on the back side of the N type substrate 10 to form an
P type ion implantation layer 34 on the remaining bottom face
of the N type substrate 10.
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As shown in FIGS. 11 and 1], after removing the protection
layer 20, cleaning process with DHF and thermal annealing
process are performed to form N type field stop doping region
30", N type doping region 32' and P type doping region 34,
respectively.

As shown in FIGS. 1K and 11, after the thermal annealing
process, emitter metal layer 50 and gate metal layer 51 are
formed on top side of the N type substrate 10. Moreover,
collector metal layer 52 is formed on bottom side of the N
type substrate 10. The emitter metal layer 50, the gate metal
layer 51 and the collector metal layer 52 can be formed by
sputtering process, and the material of the emitter metal layer
50, the gate metal layer 51 and the collector metal layer 52 can
be, but not limited to, aluminum (Al), TiN or tungsten (W).

As shown in FIG. 1L, the bottom side of the N type sub-
strate 10 is formed with the plurality of the trenches 40 with
trench depth larger than 1 micrometer. Moreover, the N type
doping region 32' is formed on the bottom faces of the
trenches 40 such that the N type doping region 32' has suffi-
cient separation with the P type doping region 34' along depth
direction. Therefore, the PN junction at the back side of the N
type substrate 10 is irregular to prevent the Zener diode from
forming and to enhance the performance of the IGBT device.

FIGS. 2A to 2L show the manufacturing process for the
high-performance insulated gate bipolar transistor (IGBT)
according to a second embodiment of the present invention.

As shown in FIG. 2A, part of standard processes for manu-
facturing a MOSFET are first performed on an N type sub-
strate 10 (namely, the front end devices 60 and contact holes
62 shown in this figure are finished), and then, as shown in
FIG. 2B, a protection layer 20 (such as binding tape, protec-
tion carrier or protection film) is used to cover the front
portion of the MOSFET device. More particularly, the MOS-
FET device shown in FIG. 2A has been finished with contact
hole being etched to 90% and interlayer dielectric being
increased with 10% thickness such that the interlayer dielec-
tric can protect the front portion of the IGBT device in later
processes.

As shown in FIG. 2C, the N type substrate 10 is polished at
back side thereof, then stress release wet etching and cleaning
are performed for the N type substrate 10 to thin the N type
substrate 10. The remaining thickness of the N type substrate
10 is relevant to the demanded voltage tolerance for the high-
performance IGBT to be manufactured.

As shown in FIG. 2D, after the backside polishing, a pho-
toresist pattern 42 is formed on the bottom face of the N type
substrate 10 and the photoresist pattern 42 is used as mask to
etch a plurality of trenches 40 on the back side of the N type
substrate 10. Namely, the backside portion of the N type
substrate 10, which is not covered by the photoresist pattern
42, is etched to form the plurality of trenches 40. Moreover,
each of the trenches 40 has a trench depth and the trench depth
is larger than 1 micrometer. As shown in FIG. 2E, after form-
ing the trenches 40, the photoresist pattern 42 is used as mask
for ion implantation and an ion implantation process is per-
formed on the back side of the N type substrate 10 to form an
N type ion implantation pattern 32. The N type ion implan-
tation pattern 32 is formed on the bottom faces of the trenches,
which are not covered by the photoresist pattern 42. There-
fore, the N type ion implantation pattern 32 is separated with
the bottom face ofthe N type substrate 10 by the trench depth
larger than 1 micrometer.

As shown in FIGS. 2F and 2G, after removing the photo-
resist pattern 42, another ion implantation process is per-
formed on the back side of the N type substrate 10 to form a
P type ion implantation layer 34 on the remaining bottom face
of'the N type substrate 10. As shown in FIG. 2H, still another
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ion implantation process is performed on the back side of the
N type substrate 10 to form an N type field stop ion implan-
tation layer 36 on the back side of the N type substrate 10.
Moreover, the N type field stop ion implantation layer 36 is
separated with the bottom face of the N type substrate 10 by
a field stop depth, where the field stop depth is larger than the
trench depth. In other word, the N type field stop ion implan-
tation layer 36 is deeper than the N type ion implantation
pattern 32 to provide field stop function.

In the second embodiment, the N type field stop ion
implantation layer 36 is formed after the trenches 40 are
defined. Therefore, the N type field stop ion implantation
layer 36 in the second embodiment has more fluctuated pro-
file in comparison with the N type field stop ion implantation
layer 30 in the first embodiment.

As shown in FIGS. 21 and 2], after removing the protection
layer 20, cleaning process with DHF and thermal annealing
process are performed to form N type field stop doping region
36', N type doping region 32' and P type doping region 34,
respectively.

As shown in FIGS. 2K and 2L, after the thermal annealing
process, emitter metal layer 50 and gate metal layer 51 are
formed on top side of the N type substrate 10. Moreover,
collector metal layer 52 is formed on bottom side of the N
type substrate 10. The emitter metal layer 50, the gate metal
layer 51 and the collector metal layer 52 can be formed by
sputtering process, and the material of the emitter metal layer
50, the gate metal layer 51 and the collector metal layer 52 can
be, but not limited to, aluminum (Al), TiN or tungsten (W).

As shown in FIG. 2L, the bottom side of the N type sub-
strate 10 is formed with the plurality of the trenches 40 with
trench depth larger than 1 micrometer. Moreover, the N type
doping region 32' is formed on the bottom of the trenches 40
such that the N type doping region 32' has sufficient separa-
tion with the P type doping region 34' along the depth direc-
tion. Therefore, the PN junction at the back side of the N type
substrate 10 is irregular to prevent the Zener diode from
forming and to enhance the performance of the IGBT device.
Moreover, the N type field stop doping region 36' also has
fluctuated profile to further prevent the forming of the Zener
diode.

The present invention is descried with above mentioned
embodiment. However, the skilled in the related art can easily
know the present invention has additional variations and
embodiments. For example, the N type substrate 10 can be
replaced with P type substrate, and the original N type doping
is replaced by P type doping. Similarly the original P type
doping is replaced by N type doping. This kind of variation
can still have the effect to prevent the forming of the Zener
diode.

Although the present invention has been described with
reference to the preferred embodiment thereof, it will be
understood that the invention is not limited to the details
thereof. Various substitutions and modifications have sug-
gested in the foregoing description, and other will occur to
those of ordinary skill in the art. Therefore, all such substitu-
tions and modifications are intended to be embraced within
the scope of the invention as defined in the appended claims.

What is claimed is:
1. A high-performance reverse-conduction field-stop
(RCFS) insulated gate bipolar transistor (IGBT), comprising:

a first conductive type substrate;

a plurality of trenches defined on a bottom face of the first
conductive type substrate;

a plurality of first conductive type doping regions formed
on bottom faces of the trenches;
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a second conductive type doping region formed on the
bottom face of the first conductive type substrate; and

a first conductive type field stop doping region formed in
the first conductive type substrate and separated with the
bottom face of the first conductive type substrate with a
field stop depth, where the field stop depth is larger than
adepth of the trench, wherein the first conductive type is
either N type or P type, and the second conductive type
is either P type or N type correspondingly.

2. The high-performance RCFS IGBT in claim 1, wherein
the first conductive type field stop doping region has fluctu-
ated profile.

3. The high-performance RCFS IGBT in claim 1, wherein
the trench depth is larger than 1 micrometer.

4. The high-performance RCFS IGBT in claim 1, further
comprising: emitter metal layer and gate metal layer on front
side of the first conductive type substrate, and collector metal
layer on back side of the first conductive type substrate.

5. A method for manufacturing the high-performance
reverse-conduction field-stop (RCFS) insulated gate bipolar
transistor (IGBT) of claim 1, comprising:

(a) providing a first conductive type substrate and manu-
facturing a semi-finished semiconductor device on a
front side of the substrate;

(b) covering a front side of the semiconductor device with
a protection layer;

(c) performing an ion implantation process on back side of
the first conductive type substrate to form a first conduc-
tive type field stop ion implantation with a field stop
depth from a back face of the first conductive type sub-
strate;

(d) forming a plurality of trenches on the back side of the
first conductive type substrate, each of the trenches hav-
ing a trench depth smaller than the field stop depth;

(e) performing an ion implantation process on back side of
the first conductive type substrate to form a first conduc-
tive type ion implantation pattern on bottom faces of the
trenches; and

(®) performing an ion implantation process on back side of
the first conductive type substrate to form a second con-
ductive type ion implantation layer on back face of the
first conductive type substrate,

wherein the first conductive type is either N type or P type,
and the second conductive type is either P type or N type
correspondingly.

6. The method for manufacturing a high-performance
RCFS IGBT in claim 5, further comprising: after step (b),
removing part of back side of the first conductive type sub-
strate.

7. The method for manufacturing a high-performance
RCFS IGBT in claim 5, further comprising: after step (f),
performing thermal annealing process to form first conduc-
tive type field stop doping region, first conductive type doping
region, and second conductive type doping region, respec-
tively.

8. The method for manufacturing a high-performance
RCFS IGBT in claim 5, wherein the trench depth is larger
than 1 micrometer.

9. A method for manufacturing the high-performance
reverse-conduction field-stop (RCFS) insulated gate bipolar
transistor (IGBT) of claim 1, comprising:

(a) providing a first conductive type substrate and manu-
facturing a semi-finished semiconductor device on a
front side of the substrate;

(b) covering a front side of the semiconductor device with
a protection layer;
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(c) forming a plurality of trenches on the back side of the
first conductive type substrate, each of the trenches hav-
ing a trench depth;

(d) performing an ion implantation process on back side of
the first conductive type substrate to form a first conduc-
tive type ion implantation pattern on bottom faces of the
trenches;

(e) performing an ion implantation process on back side of
the first conductive type substrate to form a second con-
ductive type ion implantation layer on back face of the
first conductive type substrate; and

(f) performing an ion implantation process on back side of
the first conductive type substrate to form a first conduc-
tive type field stop ion implantation with a field stop
depth from back face of the first conductive type sub-
strate, where the trench depth is smaller than the field
stop depth,

5
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wherein the first conductive type is either N type or P type,
and the second conductive type is either P type or N type
correspondingly.

10. The method for manufacturing a high-performance
RCFS IGBT in claim 9, further comprising: after step (b),
removing part of back side of the first conductive type sub-
strate.

11. The method for manufacturing a high-performance I
RCFS GBT in claim 9, further comprising: after step (f),
performing thermal annealing process to form first conduc-
tive type field stop doping region, first conductive type doping
region, and second conductive type doping region, respec-
tively.

12. The method for manufacturing a high-performance
RCFS IGBT in claim 9, wherein the trench depth is larger
than 1 micrometer.



